Abstract. 2014 The transition to turbulence is studied in normal fluid He contained between concentric cylinders with the inner cylinder rotating, for high Reynolds numbers R up to 500 Rc (Rc is the critical Reynolds number for the Taylor instability) and for small aspect ratios 0393 (0393 = l/d = fluid height/gap between cylinders). For sufficiently high values of d and in a range of R where the flow is considered as turbulent, a periodic mode appears and remains up to the maximum value of R. The T-and d-dependence of the mode has been studied. We suggest that this mode is related to a change in a boundary layers structure.
Circular Couette flows are presently, with Rayleigh-Benard experiments, among the important experiments to study the successive instabilities, which appear in the transition from laminar to turbulent flow [1, 2] . In Couette flow, with the inner cylinder only rotating at the rotation rate Q, the steady flow is laminar for low values of ~2; for the critical value of the rotation rate Qc and the corresponding Reynolds number Rc = Dc R1 1 d/ v (v is the kinematic viscosity, R l, R2 are respectively the inner and outer cylinder radii, d = R2 -R1), this flow becomes unstable and a new steady pattern of toroidal rings, the Taylor vortices, superimposed on the azimuthal laminar flow, is established. Then, the flow becomes time-dependent and the Taylor structure acquires azimuthal waves, which correspond to a single sharp frequency component = To + e(e ~ 3 x 10-2 K to within 10-6 K); the temperature of the liquid helium between the cylinders is thus maintained at the temperature T with a stability better than 10-3 K.
The detection system, somewhat different from the one used in preliminary results [7] , is similar to the method used in hot wire anemometry : the detector is an Aquadag painted layer with a rectangular form (~1x5 mm), the larger dimension being parallel to the azimuthal flow, so that it is more sensitive to the departure from this main flow; it is heated by a d.c. power of typically 10-S W, such that its stationary temperature at 0 = 0 is greater than the liquid one T1 by about 10-3 K. When 0 differs from 0, the heat of the probe is more and less scattered by the flow, therefore its temperature and resistance value r depend on the local velocity field. We measure the detector resistance using a lock-in detector and an a.c. bridge; the bridge signal proportional to is analysed using a HP 5420 A digital signal analyser. It (Fig. 1) . For values of R from 6 Rc to 10 Rc a mode is present, the frequency component of its velocity spectrum is broad and centred around fB ~ 0.4 92; its features (appearance, broadband, value) are similar to the mode « B » seen in usual liquids after the sharp modes f1 and f2 [2] , but it seems more important in our case; this mode persists up to R = 39 R~, although its behaviour changes with increasing Q : gradually, high order harmonics of fB appear and their amplitude is no longer decreasing but show a maximum around the seventh harmonic (Fig. lb) . In figure lc, for R/Rc = 37, the fundamental mode Reynolds numbers R/Re The abscisse scale is normalized to the rotation rate 0 for each spectrum and a logarithmic scale with arbitrary units is used for the vertical axis. Figures 1 a, 1 Fig. 2 , ~/~2 = 0.38).
Often, this mode is slightly modulated at a frequency fm close in value to fB ; this modulation corresponds in the velocity spectrum to two broad peaks at frequencies fR ± fm. We have plotted in figure 2 the Q-dependence of this modulation mode fm ; for large values of R/R~, this modulation is more effective and a frequency locking occurs between these two frequencies fR and fm (the ratio fR/fm is often an integer as in Fig. 2 ).
Let us note at this point some similarities in this scenario with the one corresponding to fl and f2 : fR plays the role of fl and fm that of f2 : we think that, at these high rotation rates appears a flow with two boundary layers localized near the cylinders and a central region with an almost constant mean velocity. We can see the 0-dependence of the frequencies /g (a) and /R (A). The points (~, A, v) correspond respectively to the harmonics 6 fB, 7 [5, 6] give informations about our results.
Let us try now to describe a possible scenario for the appearance of fB and f R. Barcilon [13] deduces that the region of nearly constant angular momentum is only possible if the gap is sufficiently large and more precisely if R2/R1 &#x3E; 1.08 ; this condition corresponds in our case to d &#x3E; 1.95 mm, which agrees with the d-dependence of QR. This agreement could be an indication of the boundary layers being turbulent but we cannot presently obtain experimental informations on this fact from the spectrum analysis, the background noise being essentially a thermal one [9] .
Two main points remain :
Why has this mode « R » not clearly been seen in other experiments ? R/R~ not high enough ? d/R1 too small ? This may be due to our small aspect ratio and in future experiments we intend to study the evolution of this mode when F is being increased.
In our experiments, the « wavy » mode f 1 was generally difficult to observe; when it was seen, its frequency was always f l ~ Q/3 (one wavelength); when R/Rc increases from 3 to 10, the periodic mode 11 goes continuously into the mode « B » with a decreasing amplitude, a gradual broadening and a frequency evolving towards 0.4 Q ; the end of this evolution is clearly seen in figure la. When f1 is not observed, the power spectrum always shows a large f -~ noisy spectrum. The modulation of the waves, the mode f2, was never seen. The stability of our very low rotation rates is perhaps responsible on these facts.
